Abstract
Purpose To determine the role of ultrasound biomicroscopy (UBM) in the management of children affected with retinoblastoma. Methods A review of clinical records of children with the diagnosis of retinoblastoma at the Hospital for Sick Children from January 1995 to December 2007, for whom UBM was used to determine the extent of intraocular tumor. Clinical characteristics were compared with UBM. Pathological correlation was performed for enucleated eyes.
Results In total, 101 eyes of 75 patients were included in the final analysis. Only 11 eyes were diagnosed on UBM to have extension of the tumor anterior to the ora serrata, and were enucleated. Histopathological examination confirmed the anterior extension in all the 11 eyes. In total, 50 eyes were enucleated because of various reasons, such as poor visual prognosis (12 eyes), unilateral group D or E (23 eyes), recurrences (8 eyes), and treatment failure (7 eyes). None of those patients were found to have anterior extension of the disease on histopathological examination. UBM did not yield any false negative (0/50) or any false positives (0/11).
Conclusions The UBM provided a sensitive and reproducible visualization of the anterior retina, ciliary region, and anterior segment allowing a better staging of the advanced disease process. Primary assessment of the true extent of retinoblastoma is critical for the selection of an optimal management approach. stages the severity of intraocular disease on the basis of the features predictive of eye survival with current management generally based on a combination of chemotherapy and focal therapy.
The safe and effective delivery of these treatments requires that the full extent of the tumor process be identified. Involvement of the anterior retina and ciliary region with tumor is associated with a poor prognosis. 6 The most commonly used imaging technologies, such as indirect ophthalmoscopy, conventional 10 MHz ocular ultrasound, CT scan and magnetic resonance imaging do not provide adequate resolution of retinoblastoma anterior to the ora serrata in the ciliary region. Failure to detect anterior tumors early can compromise the chances of saving the eye and increase the risk of extraocular disease.
Ultrasound biomicroscopy (UBM) uses high-frequency transducers yielding an increased resolution (30-50 microns with a 50 Mhz transducer) of the anterior aspect of the eye. This technique allows in vivo analysis of the anterior segment of the eye at microscopic resolution. [7] [8] [9] UBM has been very useful in the management of adult anterior segment diseases, such as anterior segment tumors, iris tumors, scleral and corneal abnormalities, and glaucoma. [8] [9] [10] [11] [12] [13] [14] [15] We hypothesized that UBM would be useful in the management of advanced intraocular retinoblastoma by better defining the anterior extent of the tumor process.
Patients and methods
Approval for this study was obtained from the Research Ethics Board of the Hospital for Sick Children, Toronto, Canada. Informed consent was obtained from the legal guardian of each patient.
We reviewed the clinical records of children with the diagnosis of retinoblastoma at the Hospital for Sick Children from January 1995 to December 2007, for whom an UBM was used to determine the anterior extent of retinoblastoma. All UBMs were done under general anesthesia at either the staging or a follow up examination under anesthesia using the Ultrasound Biomicroscope (Zeiss Humphrey, Humphrey Instruments, San Leandro, CA, USA) with a 50 Mhz transducer. Carbomer 980 (Liposic, Bausch & Lomb, Vaughan, ON, Canada) was used as a coupling medium, and a standard scleral depressor was used to rotate the eye in different positions. Images of the posterior iris, iridocorneal angle, ciliary processes, pars plana, and the anterior retina were obtained for 3601, captured and stored on a hard drive and/or printed. UBM findings were correlated clinically and, when possible, with histopathological studies.
All variables in this study were categorical. Descriptive data for each case was entered into Microsoft Excel, then recoded to numerical format and imported into SPSS for analysis. w -test was applied to analyze bivariate relationships (UBM and clinical features), using the Goodman and Kruskal tau calculation to measure significance with UBM as the independent variable. Multivariate analysis (ANOVA) assessed significant differences in clinical features between subjects having/not having UBM.
Results
Evaluation of the anterior extent of retinoblastoma using the UBM was performed in 75 patients (101 eyes). In total, 40 patients were males (52.6%). The age at diagnosis for children with bilateral disease was younger (14 months average, median 9) than for children with unilateral disease (28 months average, median 24). Right and left eyes were affected equally often. In total, 49 patients (63.1%) presented with bilateral disease.
The high-resolution images were obtained of the anterior retina and ciliary region in the majority of the cases. The clinical features that suggested use of the UBM to study the anterior segment/ciliary region included glaucoma (21%), extensive tumor occluding the view of the ora serrata (22%), retinal detachment (12%), vitreous seeding (11%), and media opacity (7%).
Anterior retinoblastoma was suspected in 37 of the 101 eyes on ophthalmoscopy, but confirmed by UBM in only 7 eyes. The remaining 64 eyes were considered to be free of anterior disease following ophthalmoscopy, but UBM identified anterior segment involvement in 4 eyes.
Bivariate analysis showed that positive UBM results were significantly associated with clinical diagnosis positive for anterior disease (P ¼ 0.022), glaucoma (P ¼ 0.017), and positive histopathology (P ¼ 0.0001). UBM results were not significantly associated with the presence of cataract, retinal detachment, seeding, or extensive tumor. Multivariate analysis comparing positive UBM/negative UBM groups, showed identical results ( Table 1) .
Evaluation of the mechanism of increased intraocular pressure (n ¼ 21)
Increased intraocular pressure at diagnosis was documented in 21 eyes. UBM revealed three different mechanisms leading to increased intraocular pressure: (1) angle closure and pupillary block (16 eyes); (2) neovascular glaucoma (4 eyes); (3) tumor obstruction of the iridocorneal angle (1 eye). Groups are subjects with positive/negative UBM.
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Angle closure associated with pupillary block always occurred in the presence of a large tumor volume producing anterior lens displacement. In cases of neovascular glaucoma, the iris appeared straight and rigid, although pupillary block was not present. The pupillary margin was highly reflective because of the associated ectropion uveae. The 'clogging' of the iridocorneal angle with tumor cells was observed in one child with anterior segment disease. The eye was enucleated and histopathology confirmed the cells in the angle to be of malignant nature (Figure 1 ).
Angle closure with pupillary block was the most frequently observed structural anomaly associated with retinoblastoma-related increased intraocular pressure, always associated with a significant tumor volume. The extensive anterior bowing of the iris was diagnostic of this condition. In cases of neovascular glaucoma the iris was usually very straight and no pupillary bloc was observed. Angle closure itself was not an indication for enucleation. However, when the intraocular pressure was raised because of tumor cells in the angle or because of neovascularization, the eye was enucleated at diagnosis (International Retinoblastoma Classification Group E).
Documentation of anterior extent of tumor (n ¼ 11 eyes)
Tumor extension anterior to the ora serrata was detected in 11 eyes using UBM. Suggestion of ciliary body involvement using indirect ophthalmoscopy was positive only in 7 eyes. In four patients, anterior involvement was not suspected using conventional methods of examination. In these patients, enucleation, which may have otherwise been delayed, was performed promptly.
Histopathology correlation
A total of 61 eyes underwent enucleation. In total, 11 eyes were enucleated after anterior segment extension was diagnosed by UBM. Histopathological examination positively correlated with UBM assessments in all cases (Figure 2) . The decision to enucleate the other 50 eyes was based on: poor visual prognosis (12), unilateral RB International Retinoblastoma Classification group D or E (23), recurrence (8) , and treatment failure (7) . Eyes that were enucleated in the poor visual prognosis group were all bilaterally affected with eyes in Groups C, D, and E. Most of these patients developed large retinal detachment. One patient in this group was enucleated because of the parent's decision.
None of those eyes were found to have anterior extension of the disease. The diagnosis of retinoblastoma was histopathologically confirmed in all cases.
Discussion
Determination of the full intraocular extent of the retinoblastoma is critical to the decision for the best therapeutic options. UBM is a very important addition as it overcomes the limitations of the other imaging tools available. 7, 16, 17 We confirmed this imaging modality is a valuable adjunct in children affected with advanced retinoblastoma, particularly when anterior disease was suspected.
The UBM reflectivity of the retinoblastoma tumor is very similar to that of the iris, ciliary body, and ciliary processes. Identification of the fine line of higher reflectivity from the retina and the pigment epithelium lining the ciliary body helps to define tumor invasion beyond the retina. The anterior vitreous face is located near the anterior border of the ciliary body. This normal anterior vitreous face is generally difficult to define on UBM. It can be clearly imaged if outlined with inflammatory or tumor cells. The high internal reflectivity of the sclera and the retina is distinct from the overlying and underlying tissues, and is usually easily distinguished from retinoblastoma tumor. 15 The densely arranged fibrils of the vitreous base may be hard to distinguish from retinoblastoma vitreous seeding. Retinoblastoma seeds are of moderate reflectivity, but are usually irregular in size, shape, and distribution. 'The ability to obtain useful UBM images and their interpretation requires some experience. Serial evaluations and clinical correlations in other pathologies and otherwise healthy eyes are useful in this learning process (Figure 3) . 16 The size of tumors can be measured from UBM images. This information is useful for follow-up and management of patients. Children suspected to have retinoblastoma involvement of the ciliary region or anterior, should be treated by enucleation. However, when the involvement of the ciliary region is excluded on UBM, and the International Retinoblastoma Classification classification is not Group E, a chemotherapy-based approach can be safely considered despite a large tumor volume.
Cases of total retinal detachment, extensive tumor or seeding, and dense cataract challenge the clinical assessment of an anterior segment extension. In the presence of glaucoma, UBM becomes useful to assess the state of the iridocorneal angle. The UBM is known to have an important role in deciphering the structural anomalies associated with different forms of glaucoma in adults. 9, 16, 18 The survival of eyes with anterior disease was previously documented with both radiotherapy and chemotherapy. This may relate to an incomplete assessment of the anterior disease process. 19 To safely keep eyes with retinoblastoma, complete visualization of the tumor process is required. Earlier intervention is more likely to allow preservation of eyes, which is especially important for children with one remaining eye. UBM imaging clearly documents anterior disease and contributes to the management of children affected with retinoblastoma, with no evidence of false negative (0/50) or false positives (0/11) in our study.
In summary, UBM is a non-invasive, safe, and very efficient method of imaging the anterior segment. We show UBM to be a crucial tool in the intraocular staging of disease of children with advanced retinoblastoma. UBM provides sensitive and reproducible visualization of the anterior retina, ciliary region, and anterior segment, thereby optimizing patient management of cases with severe retinoblastoma.
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Summary
What was known before K Current approaches to the primary treatment of retinoblastoma with the new chemotherapeutic agents associated with focal therapy have allowed the preservation of eyes, which previously would have been primarily enucleated. However, the safe and effective delivery of these treatments requires that the full extent of the tumor process be identified.
What this study adds
K UBM proofed to be useful in the management of advanced intraocular retinoblastoma by better defining the anterior extent of the tumor process.
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1.
Which of the following statements regarding retinoblastoma is most accurate?
A Retinoblastoma involvement of the anterior retina and ciliary region is associated with a poor prognosis B CT generally provides adequate resolution of retinoblastoma anterior to the ora serrata in the ciliary region C MRI generally provides adequate resolution of retinoblastoma anterior to the ora serrata in the ciliary region D Early intervention probably has no effect on the risk for enucleation
2.
A 16-month-old boy is referred for ultrasound biomicroscopy (UBM) following a recent diagnosis of bilateral retinoblastoma. His anxious parents are concerned about the need for anesthesia to perform UBM and request an explanation of the rationale for performing this test, wanting to know how it will help in their child's management. Which of the following would be an appropriate response? 
